Purpose. To review medium-term outcomes of 46 patients who underwent total hip replacement (THR) for osteoarthritis secondary to dysplastic hips. Methods. Records of 58 hips in 6 men and 40 women aged 32 to 76 (mean, 62) years who underwent THR for osteoarthritis secondary to dysplastic hips and had been followed up for a mean of 4 (range, 2-8) years were retrospectively reviewed. The hips were classified according to the Crowe's grading, Sharp's acetabular angle, and centre-edge angle. The radiological uncoverage of acetabular cup (RUAC) index was calculated. The outcomes of THR were evaluated in terms of cup inclination, RUAC index, cup migration, lysis or loosening (radiolucency), heterotopic ossification, component incorporation and positioning, thigh pain, and subsidence. Results. 51 of the hips were Crowe's type I, 6 were type II, and one was type IV. The mean acetabular angle was 46.3º and the mean centre-edge angle was 15. 2010;18(3):296-302 28.7 mm, and 10.9 mm, respectively. The mean RUAC index was 16.9% and the mean cup inclination was 40.7º. Radiolucency of 1 mm in the acetabular zone I was observed in 16 cases, but only one failed. For cemented and uncemented stems, the most common positioning was neutral and valgus, respectively. Five patients had complications of greater trochanter fracture, aseptic loosening, split calcar, stem loosening, and/or heterotopic ossification. Conclusion. Conventional THR can achieve good medium-term results in low-grade dysplastic hips.
INTRODUCTION
Developmental dysplasia of the hip (DDH) is a major risk factor for secondary hip osteoarthritis. 1 The prevalence of DDH varies among different ethnic groups: 5.4 to 12.8% in the Danish population, 1.8% in Koreans, 2 2.4% in Turkish people, 3 and 7.3% in Singaporeans. 4 Patients with severe osteoarthritis secondary to DDH often undergo total hip replacement (THR) at a younger age. 5, 6 Such THRs are technically difficult because of deficient acetabular bone stock, abnormal femoral anatomy with poor offset owing to increased neck-shaft valgus orientation, increased anteversion, muscle contracture, and limb-length differences. 3, 7 The major concern with THR in DDH is the containment and incorporation of the acetabular cups. Uncemented acetabular cups with 30 to 40% of uncoverage may be acceptable. [7] [8] [9] [10] Placement of the cup is technically demanding as normal anatomic landmarks are obscured. There is a fine balance in adjusting the cup size, inclination, cup anteversion and coverage; smaller cups with partial uncoverage, adequate medialisation up to the teardrop, and/ or high hip centre are reasonable combinations. [8] [9] [10] [11] We reviewed medium-term outcomes of 46 patients who underwent THR for osteoarthritis secondary to dysplastic hips.
MATERIALS AND METHODS
Records of 58 hips in 6 men and 40 women aged 32 to 76 (mean, 62) years who underwent THR for osteoarthritis secondary to dysplastic hips between July 2000 and December 2007 and had been followed up for a mean of 4 (range, 2-8) years were retrospectively reviewed. Of them, 13 women and one man underwent staged bilateral THR; in the remaining 30 patients, the right (n=20) and left (n=10) side were involved. 36 patients were Chinese, 4 were Malay, and 6 were of mixed racial origins.
The hips were classified according to the Crowe's grading 11 (which measures the proximal femoral head displacement from the line connecting the distal borders of teardrop) as follows: type I, <50% of proximal migration; type II, 50-75%; type III, 75-100%; and type IV, >100%. The Sharp's acetabular angle 12 (formed by the line joining the lateral edge of the acetabulum to the ipsilateral teardrop to the horizontal line connecting the 2 teardrops) and centreedge (CE) angle 13 (formed by the line drawn through the midpoint of the femoral head and the line drawn from the centre of the femoral head to the upper outer margin of the acetabulum) were also measured. A hip was considered dysplastic if it confirmed to any of the 7 morphological measurements (CE angle, acetabular angle, depth-to-width ratio, extrusion index (A/ A+B), lateral subluxation, roof obliquity, peak-toedge distance) [ Fig. 1 ]. 4 Standard anteroposterior and lateral radiographs at week 6 and the latest follow-up were evaluated for cup inclination, radiological uncoverage of the acetabular cup (RUAC) index, superior or medial migration of the cup, lysis or loosening around the cup (radiolucency) based on the Charnley's DeLee's zones, 14 and any evidence of heterotopic ossification (based on Brooker's grades). 15 The femoral component was evaluated for positioning (varus, neutral or valgus), subsidence, lysis or loosening of the cemented stems (based on Gruen criteria) 16 and uncemented stems (based on Engh criteria). 17 The RUAC index was defined as the ratio of the angle formed by the edge of the acetabulum component and the margin of the native acetabulum (excluding the osteophyte) calculated from the centre of the implanted femoral head (located by imposing concentric rings) to the angle subtended by both edges of the implanted cup (i.e. 180º) on the immediate postoperative anteroposterior radiographs (Fig. 2) .
The cup size, type of THR, stem size, head size, femoral canal diameter were also reviewed, as were weight bearing status, use of walking aids, presence of a Trendelenburg gait, any previous surgeries on the hip or spine. 
RESULTS
Of the 58 THRs, 48 were uncemented and 10 were hybrid (cemented femoral component, uncemented acetabular component) using the modified Hardinge anterolateral approach (n=54) or the posterolateral approach (n=4). The procedures entailed highly crosslinked, metal-on-polyethylene articulation (n=54) or ceramic-on-ceramic articulation (n=4). Acetabular cups used were either multi-holed porous titaniumcoated cups (n=52) or cluster-holed cups (n=6). The mean acetabular cup size was 50.6 (median, 50; range, 46-60) mm and the mean head size was 28.7 mm.
51 of the hips were Crowe's type I, 6 were type II, and one was type IV. The mean acetabular angle was 46.3º (range, 39º-61.3º) and the mean CE angle was 15.4º (in 6 patients the femoral heads were not spherical or badly deformed and the CE angle was not calculated).
The mean cup inclination was 40.7º (range, 26.5º-56.7º). 45 hips were medialised to the Kohler's line. Five hips had a high centre with the vertical distance (from the tip of the teardrop to the lower most margin of the acetabular cups) of >50% of the cup diameters. Three patients underwent superolateral acetabular coverage with femoral head autografts Figure 2 A 54-year-old Chinese women with bilateral advanced osteoarthritis secondary to dysplastic hips (Crowe's type II) undergoing bilateral hybrid total hip replacement: the concentric circle is overlapped to locate the centre of the femoral head. Degree of acetabular uncoverage is measured by the ratio of the angle measured from the margin of the implanted acetabulum cup to that of the native acetabulum against the angle subtended by the whole cup (i.e. 180º). Her radiological uncoverage of the acetabular cup index is 52.7/180x100=29.27% Figure 3 A 59-year-old Chinese women with bilateral advanced osteoarthritis secondary to dysplastic hips (Crowe's type I) shows that (a) templating of the acetabulum with 40º of inclination and medialisation up to teardrop reveals approximately 20% uncoverage and lack of adequate contact at zone I. (b) After bilateral hybrid total hip replacements, the cup lacks adequate contact at zone I, but this is asymptomatic and there are no signs of loosening at 7-year follow-up. The obliquity of the superolateral part of the host acetabulum is responsible for this. fixed with 4-mm cancellous screws and implanted with uncemented acetabular components. All had higher acetabular angles (45º, 46º, 56.5º). The mean RUAC index was 17% (range, 0-42%). 16 cases had a 1-mm radiolucency in the cups around zone I, which was very oblique (Fig. 3) , and 2 cases around zone III. One case showed radiolucencies in all zones I, II and III. All were asymptomatic (Fig. 4) .
The cemented stems in 12 of 14 cases were positioned neutrally, whereas the uncemented stems were more commonly positioned in valgus (27 of 50 cases) than neutrally (21 of 50 cases). Nine uncemented and 2 cemented stems were positioned in varus. There was no correlation between the stem position and the thigh pain (in 13 patients) in the early follow-up period. None of the patients complained of thigh and hip pain after a mean follow-up of 8.6 months.
The mean duration of partial weight bearing was 4 weeks, followed by full weight bearing for the next 4 weeks. Seven patients continued to use a walking stick owing to residual abductor weakness. 11 patients had mild abductor weakness (bilaterally in 9).
Asymptomatic heterotopic ossification (Brooker's grade I) was noted in 6 patients; none of whom underwent bone grafting to build the acetabular roof; all were operated on via an anterolateral approach.
Three patients had previous spinal surgery, and 7 years earlier one patient had a Girdlestone excisional arthroplasty on the contralateral hip. None had had a previous acetabular or femoral osteotomy.
There were 5 complications. One patient with an uncemented THR had stem loosening and underwent revision to the cemented stem. Another had a greater trochanter fracture with dislocation of the hip following a fall. The greater trochanter was fixed with stainless steel wires. Two patients who underwent uncemented femoral component fixation had a calcar split wired. One of them had stem loosening, which was revised to a cemented stem.
DISCUSSION
Among 196 THRs performed in our hospital from 2000 to 2007, 58 (30%) were for osteoarthritis secondary to DDH, another 30% were for avascular necrosis of the hip, the remaining 40% were for other causes like rheumatoid arthritis, ankylosing spondylitis, post traumatic and 'primary' osteoarthritis of the hips. The incidence of primary osteoarthritis among Asians is low, and THR is more commonly for secondary osteoarthritis for which acetabular dysplasia was a major cause. [18] [19] [20] The mean age of our patients (62 years) was higher than in other studies reporting 57 years 11 and 44 years, 21 presumably because in the local population surgical treatment is generally deferred till osteoarthritis is very advanced. Females are at higher risk of hip dysplasia than males (21 vs. 2 11 and 22 vs. 0 21 ). Crowe's type-III and -IV hips were uncommon in our cohort.
Technical difficulties were minimal in Crowe's type-I and -II dysplastic hips. 10 The type-IV hip in our series required soft-tissue releases and an additional subtrochanteric osteotomy to shorten the femur by 3 cm, so as to avoid a possible nerve palsy. The patient had a preoperative leg length discrepancy of 9 cm, which was reduced to 1.5 cm after bringing down the hip to the anatomic centre (Fig. 4) . A Sharp's acetabular angle of 47º is consistent with subluxation of the hip. 12 In our study, the mean acetabular angle was 46.3º which was smaller than that in other studies reporting 52º. 11, 12 In our series, 27 patients had an acetabular angle of >47º, of which 23 were Crowe's type I and 4 were Crowe's type II. The maximum acetabular angle was 61.3º in a type II acetabulum. The acetabular angle showed a direct relation to the Crowe's grade, but the number that was Crowe's type II was too small (6 out of 69) to draw any statistical conclusions.
In our study, the mean acetabular cup size was 50.6 mm, which was comparable to a Japanese study reporting 50.5 mm. 22 In that study, all hips were implanted with a 22-mm prosthetic femoral head, which was smaller than the mean size (28.7 mm) encountered in our patients. The use of highly crosslinked polyethylene liners enabled the use of largerdiameter heads, even in a smaller-diameter cup. The mean cup inclination in THR should be 40º±5º. In our study, it was 40.7º (range, 26.5º-56.7º). We aimed at keeping the cup inclination below 40º to avoid dislocation, because of the lifestyle and the tendency for postures with a high degree of flexion in our patients. Nevertheless, our patients were instructed to avoid high-flexion activities such as squatting.
The cemented 11, 23, 24 and uncemented 7-9,21 acetabular components have been reported to achieve good long-term results. The usual recommendation for uncemented acetabular cup positioning is to accept an uncovering of up to 30% in acetabular dysplasia. [8] [9] [10] Attempts to attain more coverage may lead to more vertical cup placement. Excessive medialisation of the cup may lead to a breach in the medial wall at the ilioischial line or require extensive procedures like cotyloplasty. 5, 10, 25 We did not perform any cotyloplasty, but aimed at maximum medialisation of the cup and acceptance of the smaller cup with good host contact and maximum possible coverage (Fig. 5) .
In our study, the mean cup uncoverage was 17%. We did not encounter any problems with cup incorporation or loosening (except in one case). Six cases had an uncoverage of >30º, but did not develop loosening. 16 hips had radiolucency around zone I (Fig. 3) , but none had clinicoradiological evidence of loosening. The zone 1 in dysplastic hips is very vertical, which makes it difficult to achieve good contact between the host bone and the spherical implant. Thus, the contact with the host bone at zones II and III is important for cup incorporation in dysplastic hips. An ideal implant position can be achieved by use of a smaller cup, sufficient medialisation, accepting superior uncoverage, and good clearance of the medial osteophyte and fibrofatty tissue from the acetabular floor near the cotyloid fossa (particularly for additional bone incorporation in dysplastic hips).
The use of multi-holed cups for primary fixation is important in dysplastic hips; press fit implantation is not always feasible in a shallow saucer-shaped acetabulum. Multi-holed cups enable versatility in screw positioning and are preferred to cluster-holed cups. In lower grades of dysplasia, bone grafting of the acetabular roof is not mandatory and good primary fixation can be achieved by the use of multi-holed cups with 2 or 3 screws. Appropriate positioning of the cup should not be compromised for achieving better coverage or primary stability. Our results are consistent with the fact that up to 30% uncoverage can be safely accepted, without the risk of loosening.
Hips with higher Crowe-grade dysplasia have altered proximal metaphyseal femoral anatomy with straight, narrow femoral canals with more valgus orientations. They require straighter, narrower and extended tapered femoral components. 7, 10, 11 Lower grades of dysplasia can be managed with conventional stems. 8, 10, 23 In our series, standard stems were used but the mean stem size was 10.9 (size 11 being the most common). Dysplastic hips were commonly treated with smaller femoral implants. The most common position for the cemented stem was neutral, in contrast to a more valgus position in uncemented stems. The use of proximal and distal centralisers enables cemented stems to be consistently placed in a neutral position. Uncemented stems tend towards a valgus position in these canals, because of a combination of the surgeon's effort to avoid a varus position and morphological factors (increased anatomic valgus in the proximal femur of these hips).
There was no significant difference between the use of cemented and uncemented stems in terms of loosening, subsidence or thigh pain. Two uncemented stems had a calcar split, one of which had progressive loosening and required revision. The altered proximal femoral anatomy warrants careful broaching when performing uncemented THR in this type of patients. Patients with bilateral hip disease with short weak hip abductors may have a persistent Trendelenburg gait and resort to long-term walking aids. Complications like heterotopic ossification, implant loosening, and calcar fracture are not very common. Conventional THR can achieve good medium-term results in lowgrade dysplastic hips.
